Abstract: Extant comparative research in municipal solid waste (MSW) management has conducted analyses across multiple countries and regions in an attempt to identify successful MSW management practices and increase MSW recycling. Furthermore, international organisations such as the Organisation for Economic Co-operation and Development (OECD) and the United Nations Environment Program (UNEP) have published annual reports discussing the status quo of MSW management and recycling practices in their member countries. As the characterisation of waste and recyclables varies across nations, comparability problems can occur. Nonetheless, extant research has not yet conducted a national-level comparison of MSW characterisation and calculation methods across multiple countries. The current study attempts to fill this gap by investigating the variations in MSW definitions and calculation standards in the European Union (EU), South Korea and the USA The findings indicate that recycling performance fluctuates significantly depending on which standard is adopted. South Korea is found to use the most conservative standards, yet its recycling rate is the highest regardless of which standard is applied. Future directions and implications for both research and practice are discussed.
Introduction
One of the main goals of contemporary municipal solid waste (MSW) management and policy research is to develop and implement recycling programs and practices that can increase recycling and reduce the amount of MSW flowing into landfills and incinerators (Mueller, 2013; Wang et al., 2008) . Thus, over the past several decades, scholarly interest in increasing MSW recycling has expanded globally, in both the public sector and in academia. For this reason, studies have conducted comparative analyses among countries and regions in an attempt to cross-examine MSW management practices and identify successful ones (Abbott et al., 2011; Hage and Söderholm, 2008; Kaufman and Themelis, 2009; Kawai and Tasaki, 2016; Liu et al., 2015; Moh and Manaf, 2014) . Furthermore, international organisations such as the Organisation for Economic Co-operation and Development (OECD) and the United Nations Environment Program (UNEP) publish annual reports that reveal the status quo of MSW management and recycling practices among their member countries. In these comparative studies, recycling performance is often represented by the recycling rate, which is calculated based on the amount of MSW that is generated and recycled (collected). Although such measures are typically used to compare recycling performance across multiple countries, the classification of waste and recyclables varies across nations, and thus the MSW data collected from each country pose a potential comparability problem.
Nevertheless, efforts to establish an international standard to measure recycling performance have been minimal. The only legally mandated international standard for MSW exists at the European Union (EU) level, developed based on the Waste Framework Directive (WFD) and European Commission (EC) decisions. In the EU, member states are obligated to follow the MSW calculation method prescribed by EC decision (2011/753/EU) and to report their MSW data to the statistical office of the EU (Eurostat) , which collects the data (EEA, 2013) . Therefore, with the exception of the EU, cross-country comparisons of recycling performance cannot be properly conducted until a generic standard or calculation method is available. As extant comparative studies have not yet tackled this problem, there is no universal agreement on -or standard of -recycling performance indicators, and most waste management standards are established at the national or local level (UNEP, 2011; Wen et al., 2009) . These comparability problems have also been noted by international organisations. For example, the United Nations Statistics Division (UNSD) has recommended that research should account for variations in waste data and their quality when conducting cross-country research (UNSD, 2011) . Similarly, the OECD's annual report of environmental trends stressed that the differences by country in MSW definition, classification, and information collection methods undermines data comparability (OECD, 2015) .
This study attempts to investigate the variations in definitions and calculation methods of MSW recycling among the EU, the USA and South Korea. First, this study presents a brief literature review of comparative research on MSW. Second, the study briefly surveys the MSW data policies and management strategies of the EU, the USA, and South Korea. Third, using the EU standards as its basis, the current study applies these EU standards to data from the USA and South Korea to illustrate how waste and recycling results vary when different standards are used. Last, future directions and implications for research and practice are provided.
Comparative research in MSW management
The majority of comparative research in MSW has compared the MSW management practices of different countries, with the goal of increasing recycling and reducing waste. For example, research topics include comparing waste characterisation and MSW composition in developing countries (Moh and Manaf, 2014; Troschinetz and Mihelcic, 2009) , examining sustainable solid waste management in Asian countries using 3R (reduce, reuse, and recycle) technologies (Shekdar, 2009) , investigating recycling behaviours in Norway and the USA (Kipperberg, 2007) , cross-examining the MSW standards of the EU, the USA, Taiwan, and China as related to incinerator residues and contaminants (Liu et al., 2015) , and examining stakeholder (e.g., citizens, municipalities, private contractors) actions and roles in waste management in developing countries (Guerrero et al., 2013) .
Despite the extent of comparative investigation undertaken in past studies, no research has yet compared the variations in generated and recycled amounts of MSW in light of the diverse categorisation and calculation methods used at the national level. Such an approach is crucial if researchers seek to identify the best practices of countries with high MSW management performance as represented by recycling. To build consensus that a country's or a region's MSW management performance is exceptionally good, there should be agreement regarding the standard used to evaluate MSW management performance. For example, in 2012, according to the OECD (OECD, 2016) , the MSW recycling rates of South Korea and the USA were 58% and 34.5%, respectively. On the surface, if we only observe these recycling rates, it may be reasonable to conclude that South Korea has a much higher (23.5%) recycling rate than the USA. However, as waste characterisation and recycling rate calculation methods differ between South Korea and the USA, the gap of 23.5% does not truly reflect these countries' differences in recycling performance. Until now, only a few studies have sought to take a comparative approach to MSW calculation and comparability issues. For instance, Kawai and Tasaki (2016) conducted a comparative analysis using MSW-percapita data from developing countries and identified comparability issues, including varying definitions of MSW, depending on each country's or region's political, social and economic framework. In another study by Kaufman and Themelis, the authors compared, at the state-level, the MSW data calculation method of the US Environmental Protection Agency (EPA) and a biannual report published by Biocycle journal; they concluded that the EPA underestimates MSW generation in the USA (Kaufman and Themelis, 2009) . Nonetheless, these studies have not compared MSW characterisation and recycling rate calculation methods at the national level.
The current study seeks to fill this gap in the literature by comparing the MSW characterisations and recycling rate calculation formulas of the EU, South Korea, and the USA. There are a number of notable reasons for selecting the EU and the other two countries. First, the MSW standard of the EU is agreed upon and used by the largest number of countries, as EU members are required to follow the standard. Second, South Korea, as of 2012, ranks first in its recycling rate among all OECD countries; thus, examining the standard of the country with the highest recycling rate may provide valuable insights. Last, the USA is the largest contributor to MSW generation among all OECD members, and thus reviewing its MSW standard is important for understanding the country that generates the largest amount of MSW.
MSW characterisation in the EU
In the EU, recycling is defined as "a subset of recovery and means any recovery operation by which waste materials are reprocessed into products, materials or substances whether for the original or other purposes. It also includes reprocessing of organic material (e.g., composting)" [EC, (2013) [ECB, 2015; EC, (2011), pp.11-16] . To comply with and specify the goals of the WFD, Directive 2011/753/EU established detailed rules and calculation methods for MSW management and recycling, which applied to all EU member countries (EEA, 2013). The EU member states annually report their progress toward fulfilling the 50% goal -as well as related MSW data -to the Statistical Office of the European Union (Eurostat) (2015) .
For that reason, MSW categorisation and recycling calculation methods are governed by a united EC standard. Under the standard of Directive 2011/753/EU, in 2012, 2,302,490 thousand tons of MSW were generated and 838,960 thousand tons were recycled, resulting in a 36.4% recycling rate (EPA, 2016). In the EU, MSW is defined as 'household and similar waste' and categorised into paper and cardboard, metal, plastic, glass, biodegradable kitchen and canteen waste, biodegradable garden and park waste, non-biodegradable garden and park waste, wood, textiles, batteries, discarded equipment, and other MSW [EC, (2011), pp.11-16] . Waste similar to household waste refers to "waste in nature and composition comparable to household waste, excluding production waste and waste from agriculture and forestry" [Eurostat, (2013), p.3] . The specific list of MSW in Directive 2011/753/EU is shown in Table 1 .
MSW characterisation in South Korea
In 2012, South Korea had a recycling rate of approximately 58%, giving it the highest score among all OECD member countries (OECD, 2016) . Therefore, research has sought to investigate the factors contributing to South Korea's high recycling performance. Contemporary studies (Park and Lah, 2015 , for review) of South Korea's recycling performance have identified some possible reasons for the high recycling rate, including the volume-based waste fee system (VWF), extended producer responsibility program, disposable and over-packaged product control policy, and free door-to-door collection of household appliances (MOE, 2015) . However, no research has yet attempted to assess the categorisation and calculation methods underlying South Korea's recycling rate. Under the Waste Control Act (WCA), the Ministry of Environment (MOE) is the head agency responsible for collecting and managing MSW management data from all provinces and local governments in South Korea (MGL, 2011) . The Ordinance of MOE sets the standards for waste treatment, and the Korea Environment Corporation (KECO), a government corporation founded according to the Korea Environment Corporation Act, manages the waste management data system (KECO, 2016a (KECO, , 2016b MGL, 2011) . In 2015, according to the most up-to-date data, South Korea generated 18,705 thousand tons of MSW and recycled 11,078 thousand tons, resulting in a recycling rate of approximately 59.2%. In 2012, the year of interest in the current study, South Korea generated 17,881 thousand tons of MSW and recycled 10,567 thousand tons, resulting in a similar recycling rate of 59.1%. In South Korea, the legal classification of MSW refers to residential wastes from household and small business operations that dispose of fewer than 300 kilograms of MSW per day (MOE, 2016) . The legal classification categorises MSW into waste from standard plastic garbage bags, food waste, recyclables, bulky waste (furniture and appliances), and other wastes (MOE, 2016) . Among the types of waste, waste from plastic garbage bags and food waste are subject to the VWF system, in which residents purchase standardised plastic garbage bags to dispose of non-recyclable and food waste (MOE, 2015; Park and Lah, 2015) . A more detailed list of MSW, provided by MOE, can be found in Table 1 .
MSW characterisation in the USA
In 2012, the USA generated 227,604 thousand tons of MSW, the largest amount among all OECD members (OECD, 2016) . The MSW recycling rate of the USA, including recovery from materials and combustion, was 34.5%, close to the average of OECD members (OECD, 2016) . For more than three decades, as an effort to promote waste reduction and recycling following the enactment of the Resource Conservation and Recovery Act (RCRA) in 1976, the USEPA has collected data from states and local governments and published yearly reports on MSW management (EPA, 2014a (EPA, , 2014b . According to the RCRA Subtitle D solid waste program, state and local governments are the entities responsible for the planning, regulation, and implementation of MSW policies (EPA, 2014b). As state and local governments are the main actors involved in MSW, little effort was made to evaluate the national-level performance of MSW recycling in the USA. A few studies have assessed the overall trend of recycling and MSW calculation methodology (EPA, 2015; Louis, 2004; van Haaren et al., 2010) , but these studies did not take a comparative perspective in assessing MSW management in the USA. Thus, data collection and research on national-level practices are usually conducted by the EPA. The EPA defines MSW as everyday items used and thrown away by households, schools, hospitals, and businesses (EPA, 2016) . The broad category of MSW is defined by subtitle D of RCRA, which divides MSW into "containers and packaging such as soft drink bottles and corrugated boxes, durable goods such as furniture and appliances, non-durable goods such as newspapers, trash bags and clothing, and other wastes such as food wastes and yard trimmings" [EPA, (2015a), p.8] . However, based on subtitle D, the EPA clearly states that "municipal sludges, agricultural wastes, industrial nonhazardous wastes, oil and gas wastes, construction and demolition debris, and mining wastes" are not included in the US MSW data [EPA, (2015a), p.8] . A more specific list and categorisation of US MSW are provided in Table 1 .
Method and analysis
The comparison of MSW standards is conducted according to the following steps. First, the latest available data collected in the same year from each country were collected. In the case of South Korea, although the latest annual report was released by the MOE in 2016, to match the period of available data with the other countries at the time of the study, the data from 2012 is used for analysis (MOE, 2013 (MOE, , 2017 . For the EU recycling rate, Eurostat does not disclose information on specific material amounts to the public, so only total amounts are available. In the EU, the combusted amount shows energy recovery by incineration. The recycled amount refers to recovery other than energy recovery and backfilling. Source: EPA (2014), MOE (2013) and Eurostat (2016) For the USA, MSW data were collected from the annual report 'Municipal solid waste generation, recycling, and disposal in the United States', published by the US EPA (2014a). The data for the EU were collected from Eurostat, which is the Statistical Office of the European Union and the European Commission (Eurostat, 2016) . However, the EU data for specific MSW amounts in each category were not available for public use; thus, only the total amounts of generated, combusted, and recycled MSW are presented in Table 2 . This issue is discussed below in this paper's section on limitations. Second, as presented in Table 1 , the current study listed all characterised MSW types available in the EU, the USA and South Korean standards. Then, the descriptive data categorised MSW into the common materials and unique materials listed in one or two standards. Third, the amount data for generated and recycled MSW were added. Last, based on the data in Table 1 , the recycling rates of the EU, South Korea and the USA were calculated using each country's standards.
Results

Commonalities
Comparing the MSW categorisation data of the EU, South Korea and the USA reveals a number of commonalities. First, paper, wood, plastic, glass, metal and packaging of each material were included in all three standards. In addition, all standards also included kitchen (food) waste, soil and stones, clothes, batteries, and electronic equipment. Second, several materials were found in two out of three standards. Garden and park waste, textiles and textile packaging, and bulky materials were listed in the EU and US standards. However, in South Korea, bulky waste, also known as major household appliances, is collected by a free door-to-door pickup service, but data on the volume of collected appliances are not available (MOE, 2015) . Data on fluorescent tubes and other mercury-containing materials were present in the EU and South Korea. Tires and furniture were the common materials in both the South Korean and US standards.
Unique categorisations of the EU, South Korea and the USA
Each standard had its unique list of MSW materials that were not categorised or collected in other countries. First, for the EU, unique forms of MSW included mixed MSW, waste from markets, mixed packaging, discarded equipment containing chlorofluorocarbons, and non-biodegradable waste. Second, the South Korean standard collects farming waste, lubricant oil, cooking oil, rubber and leather, other recyclables, and other combustible/non-combustible wastes. Last, for the USA, the categorisation includes disposable diapers, other miscellaneous packaging, and other miscellaneous durables/non-durables.
Variations in recycling performance
Direct comparison of recycling performance across the EU and the two countries is complicated because the EU, Korea, and the USA each have their own MSW classification systems. As mentioned in the previous section, due to the limited MSW data availability of the EU, the recycling rates of Korea and the USA are calculated using the EU standard as well as each other's standards. Then, the recycling performances of Korea and the USA are compared against each other to illustrate how their recycling rates fluctuate depending on the method of calculation. The self-declared MSW recycling rates of the EU, Korea, and the USA are 36.4%, 59.1%, and 34.5%, respectively. On the surface, it seems that recycling performance, as represented by recycling rate, is the highest in South Korea and the lowest in the USA. However, when the EU standard is applied, the recycling indicators of Korea and the USA exhibit significant changes. Applying the EU standard to Korea, the recycling rate increases by 10.7%, or from 59.1% to 69.8%. For the USA, the recycling rate increases from 34.5% to 40.1% after being adjusted to EU standards. Tables 1 and 2 present the details of this comparison, and Figure 1 offers a brief comparison of recycling rates using the three standards. The most important contributing factor to the discrepancies in recycling rates is the MSW classified as 'other'. Both Korea and the USA showed a high proportion of MSW labelled as 'other'. The 'other MSW materials' excluded from analysis were 19.6% for Korea (other recyclable, combustible, non-combustible) and 8.6% for the USA (other packaging, durables, non-durables). Interestingly, the recycling rates of these 'other materials' were 19.9% for Korea and 1.7% for the USA. As materials with low recycling performance were excluded from the analysis, the recycling rate of both countries spiked under the EU standards.
Next, when the recycling performances of Korea and the USA are recalculated using each other's standards, their recycling rates also exhibit major changes. Recalculating Korea's recycling rate using the US categorisation resulted in an increase in the recycling rate of 12%. In contrast, the recycling rate of the USA decreases by 5.7% when Korean standards are applied. The major reason for this reverse relationship is the amount of recycling from the combustion of MSW. In South Korea, regardless of the type of material, the amount of combustion is not included in the recycling amount. However, in the USA, the recycled amount includes material recovered from combusting food, yard trimmings, and miscellaneous organic waste (EPA, 2014a) . For that reason, if Korea includes those materials in its calculations, its recycling rate increases sharply. In addition, in the EU, the Commission Decision (2011/753/EU) offers discretion to the member states in calculating the amount of generated and recycled home composted waste; thus, variation among members limits the direct comparison of recycling data related to combustion.
Discussion and conclusions
These findings offer implications for future research and practice. First, the current study demonstrates the comparability problems of MSW data raised by previous research and international organisations (e.g., UN, OECD). Second, the findings of the current study reveal that any national-level comparative study of MSW management needs to account for the waste characterisation and calculation methods used in each country. If these differences are not taken into account, any comparison of recycling performance across countries may yield distorted results. Third, the comparison of MSW standards across the EU, Korea, and the USA indicates that recycling performance can fluctuate significantly depending on which standard is applied. In addition, the results demonstrate that the Korean standard is more conservative than others, as other countries' recycling rates decline when calculated using Korean standards. It is notable that despite having the most conservative standards, South Korea records the highest recycling rate. Future studies interested in adopting conservative measures of recycling or resolving inflated recycling performance may want to consider adopting the Korean standard. Fourth, this study implies that researchers and practitioners need to establish generic standards for 'waste' and 'recyclable' materials. As presented in this study, the same MSW material may be considered waste in one country but classified as recyclable in another country. Forth, the descriptive analysis found that MSW material classification varies substantially by country and that a considerable portion of MSW is merely categorised as 'other'. Consequently, scholars and policy makers can re-evaluate or re-classify the MSW characterisation standards, especially the 'other' category, to better collect information regarding MSW generation and recycling.
Last, the current study can contribute to the future research in the relationship between MSW management and green economy. Recently, several studies in the waste management literature started to measure the success of MSW policies by the number of solid waste and recycling jobs (green jobs) created from managing MSW (Davis, 2013; . However, comparative study in categorising and defining the green jobs has not yet been conducted. Thus, future studies in green jobs can refer to the framework of the current study.
The current study is the first attempt to demonstrate the discrepancies in MSW data calculation frameworks at the national level. Despite its contributions, this paper also has some limitations. First, this study focused on the variations in data categories and the quantity -rather than the quality -of MSW. Due to a lack of information on the quality of MSW, the authors cannot contend that one style of categorisation is superior to the other. This study was not able to provide data for the EU's MSW by material, and Eurostat confirmed that data by MSW material are not available. Future studies may want to gather MSW data by material from each EU member. In addition, the current study reports the varying MSW standards of different nations but does not elaborate on the causes of these differences. Following Kawai and Tasaki (2016) , who argue that the political, social, and economic framework of each country affects its definitions of MSW, future studies may want to further investigate the backgrounds and rationales of MSW standards at the national level. This study emphasises the critical importance of accounting for each nation's MSW standards before making comparisons among nations.
